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2D/3D Data projector 
Technical field 

5 The invention relates to devices for displaying images by projection. 
Background 

The current trend of mobility drives the consumer demand towards ever smaller 
portable devices, such as mobile phones, portable digital assistants, music and video 
players, laptop PCs, head mounted displays etc. As the size becomes smaller and 

10 the functionality higher, there is a fundamental problem of showing large enough 
visual images with very small devices. Because the size of a fixed screen cannot 
grow without increasing the size of the device itself, the only reasonable way to 
conveniently provide visual images from small devices is to project them using a 
data projector. However, the current data projectors are large in size and inefficient 

15 in nature. 

The commercially available data projectors use high intensity broadband light 
sources, such as incandescent bulbs or arc lamps. These light sources have 
inherently low efficiency and produce heat, which consumes high amounts of 

20 energy and requires a cooling system. The use of LED as a light source of data 
projector has also been proposed. However, these solutions do not have well enough 
optical efficiency. In these systems, the light source has poor external efficiency, 
and in addition to that, a large part of the light is lost in collimation. Secondly, these 
solutions are still large in size and expensive with high power consumption, and 

25 they cannot be operated with widely used battery technologies. 

Another issue that is of interest to large audiences in image projection is the issue of 
3-dimensional (3D) projection. The current data projectors are not inherently 
capable of showing full color 3D images and the special devices that are designed to 
30 do so are expensive and rare. The media industry increases the offering on 3D 
movies, games and other entertainment only if 3D capable devices are commonly 
used. 

Summary of the invention 

An object of the invention is to provide an improved data projector that is small, 
35 inexpensive and has small power consumption and is capable of projecting both 2- 
dimensional (2D) and 3D images. According to an aspect of the invention, there is 




provided a data projector, the data projector comprising: at least one micro display 
having an image to be projected, at least one source unit comprising at least one 
light source chip, and at least one beam forming component, each beam forming 
component comprising at least one diffractive element, and each source unit being 
5 designed to preserve etendue as far as possible, to minimize photon loss, to provide 
a desired projection shape and a uniform illumination onto the micro display, and a 
focusing optical unit for projecting the image of the micro display on a target. 

Preferred embodiments of the invention are described in the dependent claims. 

10 

The method and system of the invention provide several advantages. The data 
projector has good power efficiency and the image of the projector has even 
brightness. The data projector can be made small in size, low in weight and durable. 
The data projector is capable of showing both 2D and 3D images between which the 
15 user may switch freely. 

List of drawings 

In the following, the invention will be described in greater detail with reference to 
the preferred embodiments and the accompanying drawings, in which 

20 

Figure 1A shows the micro display illumination with a conventional optical 
arrangement, 

Figure IB shows the micro display illumination with the optical arrangement of the 
present invention, 

25 Figure 2A shows the beam divergence with a conventional optical arrangement, 

Figure 2B shows the beam divergence with the optical arrangement of the present 
invention, 

Figure 3 A illustrates a beam forming component integrated with a light source, 
Figure 3B illustrates ray traces when a beam forming component is not used, 
30 Figure 3C illustrates a cross section of a beam forming component integrated with a 
light source, 

Figure 3D illustrates a cross section of a beam forming component integrated with a 
light source, 

Figure 3E illustrates a cross section of a beam forming component integrated with a 
35 light source, 

Figure 3F illustrates a cross section of a beam forming component integrated with a 
light source, 

Figure 4A presents a single color projector with a transmissive LCD micro display, 




Figure 4B presents a single color projector with a reflective DMD micro display, 
Figure 4C presents a single color projector with a reflective LCoS micro display, 
Figure 5 shows a 2D/3D LCD-projector, in which both the polarization states are 
utilized, 

5 Figure 6 shows a 2D/3D LCoS-projector, in which both the polarization states are 
utilized, 

Figure 7 shows a LCD-projector, in which both the polarization states are utilized, 
Figure 8 shows a LCoS-projector, in which both the polarization states are utilized, 
Figure 9A shows a color projector with an X-cube beam combiner, 
10 Figure 9B shows a color projector with a dichroic mirror beam combiner, 

Figure 10A shows a color projector with a beam guiding component and three 
source units, 

Figure 10B shows a color projector with a beam guiding component and one source 
unit, 

15 Figure 11 shows a 2D/3D color projector with X-cube beam combiner and LCD 
micro displays, in which both the polarization states are utilized, 
Figure 12 shows a 2D/3D color projector with X-cube beam combiner and LCoS 
micro display, in which both the polarization states are utilized, 
Figure 13 shows a color projector with X-cube beam combiner and LCD micro 

20 displays, in which both the polarization states are utilized, 

Figure 14A shows a color projector with X-cube beam combiner and LCoS micro 
display, in which both the polarization states are utilized, 

Figure 14B shows a 2D/3D color projector with X-cube beam combiner and LCoS 
micro display, in which both the polarization states are utilized, 
25 Figure 14C shows a 2D/3D color projector with X-cube beam combiner and LCoS 
micro display, in which both the polarization states are utilized, 
Figure 15 shows a color projector with one source unit and LCoS microdisplay, in 
which both the polarization states are utilized, 

Figure 16 shows a color projector with dichroic mirror beam combiner and LCoS 
30 micro display, in which both the polarization states are utilized, 

Figure 18 shows a 3D color projector, in which both the polarization states are 
utilized so that both states have separate images that are viewed through eyeglasses 
that have perpendicular polarization filters for each eye. 

Detailed description of embodiments 

35 

The efficiency of the projector is degraded by the losses which include: spectral 
losses (if wideband sources are used), losses due to poor internal efficiency of the 
source, losses due to poor external efficiency of the source (for example with 
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LEDs), light collection losses (collimation losses), integration losses (if several light 
beams are combined), color separation losses (losses in dichroic mirrors used to 
split the light into red, green and blue components), polarization losses (if LC-micro 
display is used), reflection or transmission losses at the micro display itself for 
5 example due to a poor fill factor (gaps between the pixels), color combination losses 
(for example when using X-cube or dichroic mirrors), and losses in the projection 
lens (reflection losses on the lens surfaces). 

It is extremely important that the light loss is minimized in every aspect. It is also 
10 desirable to be able to maximize the internal and external quantum efficiencies of 
the light source. The light should only be directed to the active area of the micro 
display which functions as a spatial modulator. The loss in the optical components 
and in the micro display should be minimized. 

15 Spectral losses occur when incandescent bulbs or arc lamps are used as a light 
source. They emit light with a very broad wavelength band and most of the electric 
power is converted to heat. By using LED (Light Emitting Diode) sources, for 
example, this problem can be avoided because is it possible to create light only for 
the needed wavelength bands (red, green and blue). 

20 

The total efficiency of LEDs depends on the internal quantum efficiency, and the 
external efficiency. The definition of internal quantum efficiency is the ratio of the 
number of electrons flowing in the external circuit to the number of photons 
produced within the device. The external quantum efficiency means the ratio of the 

25 number of photons emitted from the LED to the number of internally generated 
photons. The internal quantum efficiencies can be near 100%, for example 99%, 
with certain materials, wavelengths and structure of the LED chip. However, a large 
fraction of the generated light is never emitted from the semiconductor, but is 
absorbed into the LED chip itself. This happens because of the big refractive index 

30 difference between the LED chip and the surrounding material, which causes that 
the most of the light is trapped inside the chip by total internal reflection. The 
external efficiency ratio can be as poor as l/(4n 2 ) ~ 1/50, (where n = 3.5 is the 
refractive index of the semiconductor) for the conventional LEDs. More 
sophisticated LED designs include features that allow a greater fraction of the 

35 internal light to escape. These features include hemispherical or conical 
semiconductor domes over the LED, surface roughening, transparent substrates and 
superstates and photon recycling. Resonant-cavity LEDs use quantum electro 
dynamical enhancement of spontaneous emission in high-finesse resonators. These 
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methods allow up to 30% external efficiencies, which is still far below the optimum 
case. Still another proposed method is to cut the semiconductor chip into a truncated 
inverted pyramid by which 55% external efficiencies have been achieved. 

5 Light collection loss presents, along with the poor external efficiency, one of the 
most severe light losses in the projector system. Most of the light coming from an 
LED can be collimated by using a convex lenses or reflectors based on total internal 
reflection or metallized reflectors. Typically this forms a relatively compact beam 
which has circular symmetry. However, the circular beam is not ideal because the 
10 micro display can have a rectangular shape. Because of this shape difference a big 
portion of the light is lost. These solutions also suffer from vignetting, i.e. the 
intensity of light is not even across the micro display. In addition to that, by using 
existing light collecting and collimation techniques, the collimation of the beam can 
not be optimized for the whole optical system. 

15 

Integration losses, color separation losses and color combination losses are difficult 
to improve in practice. They can be minimized by choosing dichroic mirrors, X- 
cubes and beam splitters carefully. When using a LCD or LCoS micro displays, the 
polarization losses are significant resulting in a loss of over 50%. Typically nothing 

20 is done to avoid these losses. The micro displays have internal losses which depend 
on the micro display type, modulation rate, and reflections and scattering at the 
micro display itself, for example, due to poor fill factor (gaps between the pixels). 
When using an LCD micro display, the loss due to poor fill factor is typically 
between 20% - 40%. The losses due to a poor fill factor can be decreased by 

25 applying so called micro-lens arrays (MLA) before and optionally also after the 
liquid crystal panel which guides the light through the active pixel area. LCoS and 
DMD micro displays have substantially better fill factors than LCD micro displays. 

The losses in the projection lens can be minimized by using antireflection coated 
30 lenses. This is a question of costs, whether to stand this loss or to use the more 
expensive lenses. 

Source chips: 

35 A data projector of the invention may comprise one or more narrow band source 
chips, which work in the visible range. The source chips can comprise of LED, 
OLED or quantum-well LED chips, for example, or other alike. The bandwidth of 
each narrow band source chip is narrow in comparison to the whole visible range 
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(400 nm ... 750 nm), for example the bandwidth can vary from a nanometre to more 
than 150 nanometres, particularly the bandwidth can be from 10 nm to 50 nm. The 
data projector can be provided with one or more source chips which all emit light 
with the same wavelength band. In color projectors the source chips provide light 
5 with different bands. Typically the source chips may together provide light with red, 
green and blue. 

Source unit: 

10 The projector of the invention comprises one or more source units. The source unit 
comprises one or more source chips which are integrated with an innovative beam 
forming component. The function of the beam forming component is to raise the 
external efficiency of the source chips, and to provide the out coupled beam with a 
particularly designed intensity distribution and divergence angles. 

15 

The beam forming component provides uniform illumination to the micro display. 
Figure 1A shows an illuminating beam 106 on the micro display 104 when a light 
source 102, such as LED, is used with conventional optical arrangements (not 
shown in Figure 1). As it is seen, a substantial part of the light 106 does not hit the 
20 micro display 104. In addition, the illumination is not uniform and suffers from 
vignetting (shown using different hatchings). 

Figure IB in its part shows an illuminating beam 110 on the micro display 104 
when the source unit 108 of the present invention is used. The shape of the beam 
25 1 10 is nearly rectangular so that it suitably fills the micro display 104. In addition to 
that, the micro display is illuminated uniformly so that vignetting is minimized. 

For considerations of light loss in an optical system, the most important parameter 
is the etendue. For a surface of arbitrary shape, the etendue in its general form is 
30 defined as (light coming from material with a refractive index n { ) 




where n! and n 2 are the refractive indices of the materials, dA is the differential area 
element on the surface, e A is the surface normal vector corresponding to dA, dQ is 
35 the differential solid angle element, and e a is the centroid direction vector 
corresponding to d£l. 
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Conservation of etendue through the whole optical system means that the optical 
system is lossless. Moreover, the etendue cannot be decreased by any optical 
configuration. Therefore, it is crucial to design the optical system so that the 
etendue is increased in a particular component as little as possible. 

5 

The total flux passing through a surface can be calculated as follows: 

n 2 

0 = ~T f f L( ^' *q We a ' d&e a , 

where L(r,£ Q ) is the luminance of the surface in position f , to direction e a . 

10 

In the small portable projector applications the smallest micro displays has to be 
used in order to get the projector small enough. This constraint typically leads to 
micro displays whose diagonals range from 0.5 cm to 1.5 cm. The etendue of these 
small micro displays are relatively near to the original etendue of the LED chip 

15 itself. The commercially available light collection and collimation structures for 
LED chips do not preserve the etendue of the original LED chip well enough and a 
substantial amount of light is lost so that it does not hit the micro display, and in 
addition to that the remaining light may have too wide opening angle. Too wide 
opening angle causes loss of light because part of the light propagates out of the 

20 optics area, and also the losses in LCD, LCoS, polarization beam splitters, filters 
etc. increase with the increasing opening angle. The contrast ratio also decreases 
when opening angle increases in many projector configurations. 

Figures 2A and 2B illustrate the affect of the carefully designed distribution of the 
25 divergence angle of the beam. Figure 2A shows a typical situation with the existing 
light collimation structures. The most efficient projector configurations demand 
some optical components 210 between the source unit 202 and the microdisplay 204 
and/or also between the micro display 204 and the focusing objective 206. As it can 
be seen in Figure 2A the beam divergence causes substantial losses which can not 
30 be avoided if the size of the micro display and/or the size of the objective and other 
optical components are not increased. 

Figure 2B presents the situation with the source unit 208 of the invention. The 
etendue of the source chip is preserved substantially better. In addition to that, the 
35 divergence angle distribution is designed so that the loss is minimized at the whole 
length of the projector. The transmission losses in the micro display 204, 
polarization components, X-cubes, dichroic mirrors, lenses, diffractive elements etc. 



decrease when the opening angle of the beam decreases. One major benefit of the 
innovation is that the opening angle of the beam is minimized that leads to smaller 
losses in the other optical components than with the conventional solutions. 

5 The source unit of the present invention is close to an ideal etendue and total flux 
preserving component that deforms the intensity and angle distribution of the input 
beam so as to meet the requirements for the micro display, but at the same time, so 
as to minimize the total beam divergence. The main design principle is that the 
special requirements for individual components are met as well as possible, but the 

10 etendue preserved as far as possible. The optimization parameters include the area, 
light intensity distribution, angle, and beam divergence at every position of the 
projector. The principal figure of merit is the ratio "flux out of projector divided by 
the electrical power consumed by the optical sources". There are also secondary 
criteria, such as illumination uniformity and contrast. The preceding equations 

15 allow plenty of optimization possibilities in design. 

The source unit of the invention comprises one or more source chips which are 
integrated with a beam forming component. One embodiment of the source unit 
comprises one source chip integrated with a beam forming component. Another 

20 embodiment of the source unit comprises several source chips, each providing light 
with the same wavelength band, and each integrated with a beam forming 
component of its own. The beam forming components are designed so that the 
beams together form the desired beam. These source subunits can be integrated into 
a single unit so that they comprise a single unit, which may be beneficial in certain 

25 device assemblies. The combined beam forming components can further have a 
common beam forming component which improves the performance of the whole 
unit. 

Still another embodiment of the source unit comprises more than one narrow band 
30 sources, some or each of which are working with a different narrow wavelength 
band. Typically the source unit comprises red, green and blue LEDs, for example. 
Each source is integrated with a beam forming component. The beam forming 
components are designed so that beams together form the desired beam. These 
source subunits can be integrated into a single unit so that they comprise a single 
35 unit. For example, the source unit may comprise six LED chips so that there is two 
LEDs with red, green and blue colors. The combined beam forming components 
can further have a common beam forming component which improves the 
performance of the whole unit. 
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In the source unit of the present invention, the source chip is integrated into a beam 
forming component. This means that the source chip is surrounded with a 
substantially transparent material. Depending on the structure of the source chip, it 
5 can consist of parts with different refractive indexes. The refractive index of the 
transparent material can be chosen so that it reduces the reflections from the border 
of the chip and the transparent material into its minimum, and so raises the external 
efficiency of the source chip. Typically the refractive index of the transparent 
material is matched as close to the refractive indexes of the source chip as possible 
10 with the available materials and manufacturing processes. In one embodiment of the 
invention a diffraction grating is manufactured onto the surface of the source chip 
between the source chip and the transparent material in order to further raise the 
external efficiency of the source chip. 

15 In one embodiment of the invention the source chip is mounted on a reflective metal 
surface. The metal layer reflects the downwards emitted light upwards. The other 
function of the metal layer is to conduct any heat away. A metal mirror can also be 
deposited onto the surface of some parts of the source chip in order to decrease the 
etendue. For example, the upper surface of a surface mounted LED chip could be 

20 metallized in order to reduce the etendue. 

The beam forming component comprises of a transparent material, which surrounds 
the source chip or source chips and whose refractive index is matched accordingly. 
The beam forming component comprises at least one diffractive element. Optionally 

25 the beam forming component can comprise refractive and reflective components 
too. Typically all components are integrated together so that the beam forming 
component comprises a single unit. It is also possible that some elements of the 
beam forming component are not integrated into the other elements. The refractive 
and diffractive elements may have antireflection coatings on them, too. The beam 

30 forming element may be partially or fully filled with a substantially transparent 
material. 

Figure 3A shows one embodiment of the source unit comprising a source chip 302 
integrated with a a beam forming component. The beam forming component 320 
35 comprises of a transparent material 306 the refractive index of which is near that of 
the source chip 302. The upper surface of the transparent material has a certain 
shape and texture. The beam forming component comprises at least one diffractive 
element 308. Optionally it may also comprise a refractive component 310. A source 
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chip 302 is mounted on a reflecting metal layer 304, which reflects the downwards 
emitted light. 

Figure 3B presents a structure otherwise similar to that of Figure 3 A, except that the 
5 transparent material 306 has a shape of rectangular block with straight sides. This 
demonstrates the situation without the diffractive and refractive components. The 
object would be to obtain efficient light beam, which propagates upwards from the 
source chip. In Figure 3B only the light 312 which is emitted almost upwards from 
the chip can avoid total internal reflection, because of the refractive index difference 
10 between the block material and air. In addition to that, the out coupled beam is 
diverged substantially in the border of the transparent material and air. After all, the 
external efficiency of the source is very low and the out coming beam diverges 
noticeably. 

15 The diffractive element 308 has a diffractive surface pattern. The surface comprises 
local diffractive areas which have been optimized so that most of the light coming 
from the source chip to that area is diffracted into desired direction. For example by 
using suitable binary or blazed profile, it is possible to obtain, for example, 95% of 
the light diffracted to the desired direction. The directionality is the better the 

20 smaller the source chip is in comparison to the distance from the surface point to the 
source chip. The out coming beam direction can be designed to be made 
predetermined by suitable design and by using a various diffractive patterns which 
vary over the surface. The period, the shape and pattern, the modulation depth and 
the duty cycle can be set to best fulfil the desired function. Typically just above the 

25 source chip the surface is only refractive, whereas elsewhere the surface is 
diffractive. 

In another embodiment of the beam forming component, which is shown in Figure 
3C, the source chip 302 is sunk in a reflector cup. Figure 3C also shows that the 
30 transparent material can also be nearly rectangular in its shape, the surface of which 
comprise diffractive areas and optionally also refractive areas. 

Figure 3D presents embodiment where the beam forming component consist of a 
reflective component too. The light emitted from the source chip 302 to the side is 
35 reflected from the mirror 314 to the desired direction. The mirror can be planar, 
parabolic, elliptical, spherical or some other in its shape. There may optionally be 
diffractive components on the surface of the mirror. The mirror 314 and the metal 
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layer 304 can comprise a single unit. The mirror 314 can also be integrated into the 
transparent material 306. 

Figure 3E shows another embodiment of the beam forming component, where the 
5 mirror is constructed by using the total internal reflection in the border of the 
transparent material 316. The reflected light is directed through the surface 318 to 
the desired direction. The surface 318 can contain diffractive and refractive 
elements. 

10 Figure 3F shows still another embodiment of the beam forming component. The 
sidewalls of the transparent material 306 have diffractive and/or refractive surface 
patterns 308, too. 

One embodiment of the source unit comprises of three source chips with red, green 
15 and blue colors. All three chips are integrated with the same beam forming 
component. A beam forming component comprising at least one diffractive element 
is typically optimized for one color. In this embodiment the optimization is done for 
all three colors at the same time. In some of the following optical configurations this 
solution would provide extremely compact device. 

20 

The said embodiments of the beam forming component were very simple examples. 
The structure is not limited only to the presented embodiments, but it can be very 
complicated depending on the application. The structure of the beam forming 
component must be very carefully designed according to the said design principles 
25 taking into account the whole optical system of the device. It is desired that the 
beam forming component can be easily mass-produced by well known mass 
production methods. This adds some constraints and limitations which has to be 
taken into consideration already in the design phase. 

30 The needed geometrical shape for the refractive and reflective elements can be 
calculated by using conventional optical design methods. Optical design softwares 
like Zemax (Zemax Development Corporation, San Diego, CA, USA) or ray-tracing 
softwares like TracePro (Lambda Research Inc., Cincinnati, OH, USA) may be used 
in simulations. In principle, the needed geometrical parameters of the diffractive 

35 component can be solved analytically in a very simple case. However, the analytical 
solution is usually too complex in comparison to much faster and simpler numerical 
modeling. Numerical modeling of diffraction gratings is possible for example by 
using GSOLVER (Grating Solver Development Company, Allen, Texas, USA) 
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software. GSOLVER utilizes a full 3-dimensional vector code using hybrid 
Rigorous Coupled Wave Analysis and Modal analysis for solving diffraction 
efficiencies of arbitrary grating structures for plane wave illumination. In addition 
to the commercial software, a skilled professional can use conventional 
5 programming tools for building more sophisticated modelling tools of his own. 

Micro display: 

A micro display can comprise an LCD (liquid crystal device), DMD (digital micro 
10 mirror device), or LCoS (liquid crystal on silicon) based spatial modulators or other 
available micro displays. LCD or LCoS can utilize only one polarization state at 
time. In LCD micro displays, 20% - 40% loss happens due to the gaps between the 
effective pixels. A better solution is to use a micro-lens array (MLA) with the LCD, 
i.e. MLA-LCD. The micro-lens array before (and possibly also after) the micro 
15 display guides the light through the effective pixel area only. LCD or MLA-LCD 
must be used in the transmissive micro display configurations because DMD and 
LCoS micro displays are reflective. On the other hand, LCD can be used also in 
reflective configurations because a mirror can be positioned behind the LCD screen. 
The micro display may produce live video images or static images with no 
20 movement. 

Focusing unit: 

Focusing unit images the image area of the micro display or several micro displays 
25 to the target. The target (not shown in the Figures) can be any surface on which the 
user wants the image to be projected, for example, a wall, a sheet of paper, a book, a 
screen or the like. The focusing unit can comprise for example a single lens, a 
Fresnel lens, a single mirror, a diffractive optical element, a hybrid refractive- 
diffractive element, or a combination of the said components. Preferably the 
30 focusing unit comprises of a set of lenses. The components in the focusing unit may 
have an antireflection coating to reduce reflection losses. 

In the virtual display applications, the image area of the micro display or micro 
displays is imaged to to a virtual plane which can be in the front of or behind it. For 
35 example in the virtual display glasses, the projector projects the image into the 
semireflective glasses so that the image is not formed on the surface of the glasses 
but for example on the virtual plane 2 meters ahead. 
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Monochromatic projector architectures: 

Figure 4A shows an embodiment of the data projector, which uses only one 
wavelength band. The data projector comprises the abovementioned source unit 402 
5 with a single color, a transmissive micro display 404 and a focusing unit 406. The 
source unit 402 provides light to the micro display. The image of the micro display 
404 is projected onto the target through the focusing unit 406. 

Figure 4B shows another embodiment of the data projector, which uses only one 
10 source unit 402. The data projector comprises a source unit 402, an optional mirror 
408 which directs the beam to the DMD micro display 410 which reflects the light 
through the focusing unit 406 to the target. 

Figure 4C shows still another embodiment of the data projector, which uses only 
15 one source unit 402. The data projector comprises a source unit 402, a polarizing 
beam splitter 414, a LCoS micro display 412 and a focusing unit 406. The other 
polarization state of the beam is reflected by the polarizing beam splitter to the 
micro display. The LCoS micro display modulates the polarization of the beam so 
that the light from the wanted pixels passes through the polarization beam splitter 
20 again and gets projected to the target. There may optionally be a quarter-wave plate 
416 between the polarization beam splitter 414 and the micro display 412, which 
increases the achievable contrast ratio. The contrast ratio can also be improved by 
using an optional pre-polarizer 418 between the source unit 402 and the polarizing 
beam splitter 414. 

25 

When LCD, MLA-LCD or LCoS-based micro displays are used, the other 
polarization direction, i.e. 50% of the light is lost. This loss is avoided in an 
embodiment which is presented in Figure 5. The beam from a source unit 502 is 
directed to the polarization beam splitter 504, where the beam is splitted into two 
30 directions both consisting of only one linearly polarized light. The both beams 
illuminate separate LCD micro displays 506, 508. The beams are combined again 
by using mirrors 510, 512 and the second polarization beam splitter 514. The 
images of the micro displays are projected onto the target by the focusing unit 516. 
This way the both polarization states are utilized. 

35 

Figure 6 presents another modification of the previous embodiment in which two 
LCoS micro displays are used instead of transmissive LCD panels. The beam from 
the source unit 602 is splitted into two beams in the polarization beam splitter 604. 
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The both beams are reflected from the separate micro displays 606, 608 and 
according to the polarization modulation of the micro display, the light from the 
wanted pixels of the micro display is directed to the focusing unit 610. The optional 
quarter- wave plates 612, 614 can be used to improve the contrast ratio. 

5 

The embodiments presented in Figure 5 and Figure 6 are especially beneficial in 
that point that the projector acts both in 2D and 3D mode. The embodiments include 
two separate micro displays, which can be driven with the same image (2D-mode) 
or with two separate images which form a stereo-pair (3D-mode). 

10 

Still another two embodiments which preserve the both polarization states of the 
light are presented in Figure 7 and Figure 8. In Figure 7 the light beam from the 
source unit 702 is divided into two linearly polarized beams by the polarization 
beam splitter 704. The reflected beam illuminates half of the LCD micro display 

15 706. The transmitted beam from the polarization beam splitter is reflected from the 
mirror 708 and propagates through the half- wave plate 710 to the other half of the 
micro display 706. The micro display is then imaged to the target by using the 
focusing unit 712. The half- wave plate 710 is used to turn the polarization state of 
the beam 90 degrees so that the beam can pass the micro display 706. The half- 

20 wave plate 710 is not needed when the micro display 706 comprises of two separate 
LCD panels, whose polarization directions are perpendicular to each other. 

In principle, Figure 8 presents a similar embodiment for reflective LCoS micro 
display. The light beam from the source unit 802 is divided into two linearly 

25 polarized beams by the first polarization beam splitter 804. As in Figure 4C, the 
polarization of the reflected beam from the first beam splitter is modulated by the 
first half of the LCoS micro display 806. The light from the wanted pixels of the 
micro display passes through the beam splitter 804 again and propagates to the 
focusing unit 808. The transmitted beam from the first polarization beam splitter 

30 804 is reflected by the second polarization beam splitter 810 to the second half of 
the micro display 806. Similarly this light is modulated by the micro display and 
projected into the target. This is possible because the polarization directions of the 
polarization beam splitters 804 and 810 are perpendicular to each other. The 
embodiments of Figure 7 and Figure 8 are very compact but still preserve the both 

35 polarization states of the light. 

Color projector architectures: 
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Typically three wavelength bands are used in projection, namely red, green and 
blue. If several wavelength bands are used, the different wavelength bands are 
modulated with different micro displays, or with different areas of one micro 
display, or with the same micro display but with different time moments in series, 
5 because micro displays are inherently monochromatic. 

One embodiment of the color projector includes three single-color projectors which 
are aligned together so that they form a color image at the target together. This 
embodiment would consist of three focusing units, which is expensive. A better 
10 solution is to use three single-color projectors without the focusing units, combine 
the beams together and direct the combined beam to a common focusing unit. The 
combination of the three beams can be done by using X-cube or dichroic mirrors, 
for example. 

15 Figure 9 A illustrates embodiment wherein three single-color projectors (Red 902R, 
Green 902G and Blue 902B), based on the embodiment in Figure 4A, are combined 
by using a X-cube to form a color projector. The light from the source unit 902R 
illuminates the LCD micro display 904. The X-cube 906 combines the three beams 
to one beam which is then projected by the focusing unit 908 into the target. 

20 

Figure 9B presents almost a similar embodiment, wherein the two dichroic mirrors 
910, 912 are used instead of the X-cube to beam combination. 

The color projectors in Figures 9A and 9B were constructed by combining the 
25 beams from three single color projectors which was presented in Figure 4A. 
Similarly, the color projector can be built by combining three single color projectors 
of other above mentioned forms. For example, the single color projectors presented 
in Figures 4B, 4C, 5, 6, 7 and 8 can be used to build a color projector similar way. 

30 In the abovementioned color projector architectures several different micro displays 
(or different areas of the same micro display) was needed. Figure 10A presents an 
embodiment where only one micro display is used. The three different light source 
units 1002B, 1002G and 1002R illuminate the micro display 1004 with red, green 
and blue beams. There is a beam steering element 1006 front of the micro display 

35 which directs the beams with different colors through different pixels. Optionally, 
there is another beam steering element 1008 after the micro display in order to 
reduce the divergence of the beam. The beam steering elements can be for example 
a micro-lens arrays, a lenticular sheets or a micro-prism arrays. The beam steering 
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elements can be integrated with the micro display. The image from the micro 
display is projected to the target by the focusing unit 1010. The amount of the pixels 
on the target will be one third of the amount of the pixels of the micro display. 

5 Figure 10B presents another embodiment of the previous solution. The structure is 
similar otherwise but the three separate source units 1002B, 1002G and 1002R are 
replaced by one source unit 1012 which comprises of red, green and blue source 
chips and which is designed to have a good efficiency for all three colors. One 
embodiment of the invention combines the configurations presented in Figure 10A 
10 or in Figure 10B with the polarization preserving ideas of Figures 5, 6, 7 or 8. 

As mentioned above, it is possible to use only one micro display in a color projector 
by illuminating it in rapid series one color at a time. This solution simplifies the 
device configuration substantially. Because a convenient screen would need a 

15 refreshing frequency of at least 60 Hz, all colors should be shown during 17 ms 
time period. When using three colors, this means an illumination time of 5,7 ms per 
color. The micro display should have a response time short enough. DMD-based 
micro displays have a response time of under a millisecond, which is enough. The 
response time of LCoS micro displays is few milliseconds, for example 2,2 ms, 

20 which is also enough. The commercial LCD response time is typically 16 ms, but 
faster ones have already been developed. In a few years the response time of LCD is 
supposed to go down to 7 ms range which would be enough. It is known that when 
LEDs are driven in a rapidly pulsed mode, the total averaged optical output power 
can be the same as when they are driven in DC mode with the same averaged 

25 electrical power. Thus pulsing the LEDs affects negatively neither the power 
efficiency of the system nor the absolute optical power of the system. 

The optical configurations of the color projector in which all the colors use the same 
microdisplay serially are the same that the single-color projector configurations 

30 presented in Figures 4A, 4B, 4C, 5, 6, 7 and 8, in which the single-color source 
units are replaced by a three-color source unit. One embodiment of a three-color 
source unit is a source unit of the innovation comprising of red, green and blue 
source chips and which is designed to have a good efficiency for all three colors. 
Another embodiment of a three-color source unit comprises of three single-color 

35 source units whose beams are combined by using for example a X-cube or two 
dichroic mirrors. Some of the preferred embodiments according to these said 
combinations of single-color projector and three-color source are illustrated in 
following figures. 
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Figure 1 1 presents one embodiment of the color projector where serial illumination 
is used. The red, green and blue beams from the three source units 1102B, 1102G 
and 1 102R are combined in a X-cube 1 104. As in the Figure 5, the beam is directed 
5 to the polarization beam splitter 1 106, where the beam is splitted into two directions 
both consisting of only one linearly polarized light. The both beams illuminate 
separate LCD micro displays 1108, 1110. The beams are combined again by using 
mirrors 1112, 1114 and the second polarization beam splitter 1116. The images of 
the micro displays are projected onto the target by the focusing unit 1118. 

10 

Figure 12 presents another embodiment of the color projector where serial 
illumination is used. The red, green and blue beams from the three source units 
1202B, 1202G and 1202R are combined in a X-cube 1204. As in the Figure 6, the 
beam is splitted into two beams in the polarization beam splitter 1206. The both 
15 beams are reflected from the separate LCoS micro displays 1208, 1210 and 
according to the polarization modulation of the micro display, the light from the 
wanted pixels of the micro display is directed to the focusing unit 1212. The 
embodiments in Figure 11 and Figure 12 provide 2D/3D-switcable color projector 
with a compact device configuration. 

20 

Figure 13 presents still another embodiment of the color projector where serial 
illumination is used. The red, green and blue beams from the three source units 
1302B, 1302G and 1302R are combined in a X-cube 1304. As in the Figure 7, the 
beam is divided into two linearly polarized beams by the polarization beam splitter 
25 1306. The reflected beam illuminates the first LCD micro display 1308. The 
transmitted beam from the polarization beam splitter is reflected from the mirror 
1310 to the second LCD micro display 1312. The micro displays 1308, 1312 are 
then imaged to the target by using the focusing unit 1314. 

30 Figure 14A presents still another embodiment of the color projector where serial 
illumination is used. The red, green and blue beams from the three source units 
1402B, 1402G and 1402R are combined in a X-cube 1404. As in the Figure 8, the 
beam is divided into two linearly polarized beams by the first polarization beam 
splitter 1406. The polarization of the reflected beam from the first beam splitter 

35 1406 is modulated by the first half of the LCoS micro display 1408. The light from 
the wanted pixels of the micro display passes through the beam splitter 1406 again 
and propagates to the focusing unit 1410. The transmitted beam from the first 
polarization beam splitter 1406 is reflected by the second polarization beam splitter 
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1412 to the second half of the micro display 1408. Similarly this light is modulated 
by the micro display and projected into the target. This is possible because the 
polarization directions of the polarization beam splitters 1406 and 1412 are 
perpendicular to each other. 

5 

The embodiments of the invention as they are presented in Figures 13 and 14A are 
suitable only for 2D projection. However by replacing the focusing units 1314 and 
1410 by a focusing unit with a beam splitter the embodiments are suitable for both 
2D and 3D projection. This is illustrated in Figure 14B and 14C. Figure 14B 
10 presents the embodiment of Figure 14A modified to have both 2D and 3D 
projection capability. The total internal reflection prisms 1414, 1416 have been 
added after the focusing unit 1410. The prisms direct the both beams with 
perpendicular polarization states to the same position on the target so that when 
viewed through a polarization glasses they produce a 3D-image together. 

15 

Figure 14C presents another embodiment of the beam splitter with the focusing unit. 
The focusing unit 1410 is replaced by two focusing units 1418, 1420 which are 
positioned after the beam splitter. By this solution the edges of the projected screen 
are possibly sharper than by the embodiment presented in Figure 14B. The beam 
20 splitter can also be implemented by using mirrors instead of prisms. 

Figure 15 shows an embodiment of the color projector with the serial illumination, 
similar to that of presented in Figure 14 but wherein the X-cube and the three 
separate source units are replaced by one source unit 1502 which comprises of red, 
25 green and blue source chips and which is designed to have a good efficiency for all 
three colors. 

Figure 16, instead, shows an embodiment of the color projector with the serial 
illumination, similar to that of presented in Figure 14 but wherein the X-cube is 
30 replaced by two dichroic mirrors 1602, 1604. 

Figure 17 presents an embodiment of the color projector where serial illumination is 
used. The red, green and blue beams from the three source units 1702B, 1702G and 
1702R are combined in a X-cube 1704. As in the Figure 4B, an optional mirror 
35 1706 directs the beam to the DMD micro display 1708 which reflects the light 
through the focusing unit 1710 to the target. 
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Although in the abovementioned color projector embodiments the used colors were 
red, green and blue, we are not restricted to these colors, but the colors can be any 
three colors in the visible range. Another choice of colors could be cyan, yellow and 
magneta, for example. Also, in some applications two colors are enough. In some 
5 cases it might be fruitful to use even four or more colors. The combination of such a 
many colors is possible by using dichroic mirrors for example. It is clear that 
modifications to the abovementioned optical configurations can be done in the 
scope of the invention. The abovementioned configurations were included as 
examples of possible embodiments. Depending on the application, by adding optical 

10 components to the abovementioned basic layouts, it is possible to affect to the 
quality of the projection. For example mirrors, diffractive elements, lenses, optical 
filters, quarter- and half-wave plates can be added in many positions without 
changing the basic idea of the invention. In addition to that, optical components can 
many times be replaced with other components which have similar function, for 

15 example mirrors can be replaced by total internal reflection prisms. Many 
components can be integrated together so that they comprise a single unit. In some 
applications it is preferably to have all components integrated together for example 
by using transparent material between the optical components. Abovementioned 
micro displays can be replaced by other spatial modulators which have suitable 

20 functionality. 

The data projector of the invention can be used in various projection set-ups. The 
most straightforward set-up is direct projection, in which the projector projects the 
image onto a surface, which can be a silver screen, a wall, or a paper for example. 

25 The projected image is viewed and illuminated on the same side of the surface. In 
certain applications it is beneficial to use direct projection to a semi transparent 
surface which can be semi-reflecting or diffusing surface. Another form of 
projection is back projection, in which the projector illuminates a semitransparent 
diffuse surface, which is then viewed on the opposite side of the surface than 

30 illuminated. Still another form of projection is virtual screen projection, in which 
the image of the micro display or micro displays is projected into a virtual plane. 

3D-projection: 

35 In some of the abovementioned embodiments the beam was divided into two 
perpendicular polarization states which were then modulated separately. This 
enables to project both polarizations with different images by controlling micro 
displays separately. Thus it is possible to project both 2D and 3D images with the 



20 

same projector. When viewing 3D images, polarization glasses are required. In the 
abovementioned direct projection, the polarization must be preserved in the 
reflection from the projection surface. This can be achieved by using for example 
metallized screens. In the back projection set-up the polarization typically preserves 
5 without special arrangements or screen materials. Figure 18 presents a back 
projection system as an example of 3D projection set-up. The data projector 1802 
projects two images with different polarization states to the back projection screen 
1804 which is then viewed through the polarization glasses 1806. 

10 Electrical circuits can be implemented by hardware on a circuit board which 
comprises separate electronic components, by VLSI components (Very Large Scale 
Integrated Circuit), by FPGA components (Field-Programmable Gate Arrays) or 
preferably e.g. by ASIC circuit technology (Application Specific Integrated 
Circuit). Automatic 4ata processing can be carried out in a PC computer or 

15 preferably by software run in a processor. 

The projection method and data projector according to the invention are particularly 
suitable for the following uses: 

- as a television replacement 

20 - as a computer monitor replacement 

-asa video projector 

- as a slide presenter / slide projector 

- as a virtual display projector 

25 The solution of the invention can also be used as an accessory to or integrated into: 

- mobile phone 

- DVD- and other media players 

- video camcorder 

- digital camera 

30 - Personal Digital Assistant 

- Laptop PC 

- handheld and desktop gaming devices 

- video conferencing device 

- head mounted display 
35 - military display 

- multimedia devices at home, hotels, restaurants, cars, airplanes, ships 
and other vehicles, offices, public buildings such as hospitals, libraries, etc; and 
other locations 
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- any of the abovementioned uses together with 3D imaging software 
& hardware such as ray tracing, CAD, 3D modeling, 3D capable graphics cards, 3D 
movies & games for providing 3D viewing of desired objects 

- any other device in which low power consumption, small size and low 
price are important aspects. 

All in all, the present invention leads to a significantly smaller projector 
configuration, using less power, yielding lower costs and providing higher 
durability than the existing devices. 

Even though the invention is described above with reference to examples according 
to the accompanying drawings, it is clear that the invention is not restricted thereto 
but it can be modified in several ways within the scope of the appended claims. 



